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SUMMARY 
The relations between environmental resources and biodiversity are crucial in the 
proper management and conservation of grasslands. Three nature reserves were 
chosen around the Gauteng Province, namely Roodeplaat Nature Reserve (RNR) in 
Tshwane, Suikerbosrand Nature Reserve (SNR) in Heidelberg, and Abe Bailey Nature 
Reserve (ANR) in Carletonville. We selected three sites within RNR, SNR and ANR, 
and paired these with adjacent sites in private farming/grazing areas adjacent to the 
nature reserves. At each site, species composition, species richness and plant 
diversity were determined with the use of 50m x 20m Modified-Whittaker plots (MWP), 
making a total of eighteen plots (MWP) at the nine paired sites. Two paired sites had 
high Shannon-Wiener Index (H’) average values at the adjacent grazing area as 
compared to the nature reserve area at ANR. Roodeplaat Nature Reserve (RNR) and 
Suikerbosrand Nature Reserve (SNR) had two paired sites with high H’ average 
values in the nature reserve as compared to the adjacent grazing area.  
 
The vegetation structure was similar for the three study locations, consisting of 
graminoids, herbs and isolated patches of shrubs. The species composition showed 
similarities between ANR and SNR sites, while RNR showed different species 
composition. SNR soils had the highest organic carbon (OC), total Carbon (C), total 
Nitrogen (N), Calcium (Ca), Potassium (K), Magnesium (Mg) and Sodium (Na) as 
compared to both ANR and RNR. Species richness had a significantly positive 
relationship with Organic Carbon and Total Nitrogen. Species diversity difference was 
detected between the nature reserves and adjacent grazing areas and the difference 
are likely due to a number of factors including soil properties, land disturbance and 
land use and management. More research is necessary to further understand the 
aspects impacting species richness, species diversity and species composition in 
grasslands.  
 
 
Key terms: Protected; grazing area; paired sites; species diversity; grasslands; 
palatability; species richness; soil nutrients; habitat characteristics; species 
composition.  
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CHAPTER 1: INTRODUCTION 
 
1.1 Background 
Biodiversity is a term that is used to describe all plant and animal species, and also 
micro-organisms, that can be found living together within an ecosystem 
(Vandermeer & Perfecto, 1995). The importance of plant diversity lies in the many 
ecological services it performs. For example, the vegetative cover provided by 
plants enhances soil infiltration and reduces water runoff thereby preventing soil 
erosion; it is also important for groundwater recharge and flood control (Perry, 
1994). According to Tilman (1999) and Balvanera et al (2006) biodiversity plays a 
major role in controlling ecosystem functioning. Furthermore, plant communities 
characterized by high plant diversity are more productive, while ecosystems with 
higher plant diversity are better able to retain nutrients and are more stable (Tilman, 
2000). 
 
Plant diversity has received less attention in conservation than animals (Goettsch 
et al., 2015), yet plants are much more important to human livelihood. Plant species 
diversity is often investigated within a defined ecological community, with land use 
as one of the key determinants. The effects of land use on plant diversity are varied, 
mainly because there are various types of land-use, such as grassland 
management, land abandonment, and fire (Jiang et al., 2003; Gerstner et al., 2014). 
Other determinants that have been linked to ecological and evolutionary processes 
at different spatial scales are distribution, interaction and abundance of individuals 
(Schmida & Wilson 1985; Balvanera et al., 2006; Naeem et al., 2003). Plant species 
richness in a community is commonly used as a measure of species diversity, this 
measure probably originated from a discussions involving community’s productivity 
and disturbances (Colwell & Coddington, 1994). The diversity measure is however 
not confined to the aspect of species richness only in any given community, in some 
instances species abundance can be more significant than the species number 
(Whittaker 1972; Purvis & Hector, 2000).  
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There has been an increased rate of biodiversity loss and extinction, caused by 
human activities and environmental variables (Balvanera et al., 2006; Hooper et al., 
2005; Kennedy et al., 2002; Austin et al., 1996). As a result, biodiversity is regarded 
as an important matter for both scientific and political concern because of the 
negative environmental consequences of biodiversity loss (Huston, 1999). There 
have been severe changes in grass abundance, tree cover and fire regimes with 
recent studies suggesting climate and elevated CO2 as drivers (Wigley et al., 2010; 
Kraaij et al., 2013; Masubelele et al., 2014). Biodiversity is further threatened by 
human-induced drivers such as changes in land cover and use (Dale, 1997). 
 
The grassland biome is the second largest biome in South Africa. This biome is 
mostly situated on the high central plateau commonly known as the Highveld, and 
is characterised by a wide range of rainfall and temperature variation (Mucina & 
Rutherford, 2006). Grasslands mainly consist of an open layer of graminoid 
communities of the Poaceae family, and also perennial forb species (Carbutt et al., 
2011). Throughout the world, grassland ecosystems occur abundantly, and provide 
important ecological services such as biodiversity preservation, forage production 
and livestock grazing, as well as soil carbon storage (Parton et al., 1995; Hardy & 
Jost, 2008; Lee et al., 2010). The grassland biome is maintained by a complex 
interplay of abiotic and biotic factors such as grazing and fire (Mucina & Rutherford, 
2006), which can be managed to influence ecosystem health and thus directly 
influencing biodiversity (Little et al., 2015). 
 
Grassland vegetation undergoes changes through the concepts of Clementsian 
succession, in which vegetation progressively develops through a series of plant 
communities from discrete pioneer stages to a climax stage (O’Connor & 
Bredenkamp, 1997; Tainton, 1999; Briske et al., 2003). The vegetation develops 
through these stages in a directional and reversible manner, which means that 
interventions such as fire or grazing will counteract with secondary succession, 
thereby influencing the speed and direction of the succession sequence (Tainton, 
1999; Fynn & O’Connor, 2000; Briske et al., 2003). This is thought to occur though 
the influence of herbivores alternately favouring certain species and reducing the 
competitive ability of others (Howe, 1994; Crawley, 1997; Tainton, 1999). This 
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phenomenon has given rise to the increaser-decreaser concept in which plant 
species are classified on the basis of their response to defoliation (Foran et al., 
1978; Dobarro et al., 2010). 
 
 
1.2 Problem statement 
Grassland biomes globally are undergoing heavy utilisation by human activities. 
They face increasing anthropogenic pressure as human populations increase, 
resulting in an increased need for the resources that grasslands provide (Myers et 
al., 2000; Reyers et al., 2001; Hoekstra et al., 2005). Grassland systems make up 
around 11% of the world’s vegetation (Ramankutty & Foley, 1999), and yet they are 
still largely under-appreciated and under-conserved. This is all in spite of the 
increasing realisation that grasslands globally are some of the most threatened 
vegetation types (Overbeck & Pfadenhauer, 2007; Bond & Parr, 2010). Likewise, 
South African grasslands are facing increased habitat loss and fragmentation, and 
a mere 15% remains as natural grassland (Little et al., 2015) with approximately 
60% of the grassland biome irreversible transformed (Reyers & Tosh, 2003). These 
grasslands have thus become severely threatened in South Africa, making them a 
priority for conservation efforts. Only 2.2 % of the grasslands is conserved in the 
country (Mucina & Rutherford, 2006). 
 
There is considerable knowledge regarding the ecology and functionality of 
grasslands in South Africa, for example, most of the research has focused on the 
grassland production potential for livestock farming, alteration of soil properties and 
also on maintaining species composition dominated by palatable grasses (Abdalla 
et al., 2018; Akhazari et al., 2015; Dahwa et al., 2013). However, the research 
conducted has paid little focus on the biome’s diversity, the grassland biome is 
considered second in species diversity after the fynbos biome in South Africa and 
has a number of rare and endangered species, most of which are endemic (Low & 
Rebelo, 1996). 
 
The levels of transformation caused by the different variables, are a concern for the 
grasslands in South Africa, as the biome encompasses a centre of diversity with an 
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estimated 3 788 plant species (Gibbs, 1987). In order to properly manage and 
conserve grassland plant diversity in South Africa, there needs to be cognisance of 
how plant diversity is affected by resources availability, environmental 
perturbations, and land use management. Conserving, protecting and preserving 
natural areas and the reduction of biodiversity loss are fundamental principles of 
protected area management programmes (Bruner et al., 2001; Ehrlich & Pringle, 
2008). This study was initiated to enhance the understanding of how biodiversity 
and environmental resources interplay and provides better insight into the 
management of both wildlife-protected and non-protected areas of the South African 
Grassland Biome. 
 
 
1.3 Aims and objectives 
The aim of this study was to investigate the influence of different land uses and 
management practices on the plant diversity of the grassland biome, Gauteng 
Province, South Africa. 
 
In order to address the aim of the study, the objectives were: 
i. to investigate how plant species composition differs between protected 
and grazing areas. 
ii. to compare plant diversity between protected and grazing areas. 
iii. to determine relationships between plant diversity and soil characteristics 
under different land use types and management. 
 
 
1.4 The research questions 
 Are there differences in plant species composition and plant diversity in 
the protected area as compared to the adjacent grazing fields? 
 Are the soil characteristics in the nature reserve be any different 
compared to the adjacent grazing land? 
 How much of an impact do environmental variables (climate; soil 
characteristics and grazing) have on plant diversity?  
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1.5 Justification of the study 
South African grasslands are facing increased habitat loss and habitat 
fragmentation, and have become one of the critically endangered vegetation types 
in South Africa (Olson & Dinerstein, 1998; Reyers et al., 2001), making them a 
priority for conservation efforts (Rebelo, 1997). These grasslands are maintained 
by a complex interplay of abiotic and biotic factors such as grazing and fire, which 
can be managed to influence ecosystem health and thus directly influencing 
biodiversity. 
 
Ecologists have always been interested in understanding the intricate patterns of 
how species respond to environmental variables. They tend to adopt a continuum 
approach to vegetation with its assumption of continuous change in composition 
with position in the multi-dimensional environmental space (Austin, 1999). Although 
over any large region the distribution of species richness is likely to be governed by 
two or more environmental gradients (Austin et al., 1996). Species richness studies 
in relation to environmental variables have mainly focused on single factors such as 
climate, grazing or human activities. Many studies are conducted to investigate 
zoological phenomena (Lawton, 1999), even though vegetation studies may have 
much to offer on general issues concerning biodiversity (Austin, 1999). 
 
There have been several studies conducted in grasslands globally. The studies 
have been conducted because of the loss of the grassland biome and plant 
diversity, due to environmental variables such as climate change (Parton et al., 
1995), grazing (Burns et al., 2009) and fire (O’Connor et al., 2004). The studies 
mostly concluded that grazing has an impact on plant loss and some loss of diversity 
(Milchunas & Lauenroth, 1993; Little et al., 2015). 
 
In South Africa, the Grassland Society of Southern Africa (GSSA) successfully 
carried a series of workshops in 2004, to deliberate on the effect of various land 
uses on biodiversity in the grasslands of South Africa. The workshops dealt with 
different land use issues including the effect of grazing on biodiversity (Short & Du 
Toit, 2005). The workshops helped inform the production of guidelines on 
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biodiversity and sustainable grazing systems, and this was achieved in 2014 nearly 
ten years after the first workshop (SANBI, 2014). 
 
Several studies have been conducted in order to determine plant diversity in 
protected and communal/grazing lands in South Africa; however, these mainly 
focused on the savanna and thicket biomes (Fynn & O’Connor, 2000; Shackleton, 
2000; Fabricius et al., 2002; Fabricius et al., 2003). In addition, there has been a 
few studies under taken for maintaining biodiversity in South African grasslands 
such as those by O’Connor & Kuyler (2009) and O’Connor et al. (2010). The present 
study aimed to investigate the influence of land use and management practices on 
the plant diversity of the grassland biome, in the Gauteng Province of South Africa. 
The study further provided insight on the interplay between environmental 
resources and biodiversity, which is important for the management of both wildlife-
protected and non-protected areas of the South Africa. 
 
 
1.6 Layout of the dissertation 
This dissertation have been divided into six chapters as follows: 
Chapter 1- introduces the study and provides the problem statement with research 
questions, motivation and justification for conducting the study. 
Chapter 2- provides a literature overview of similar studies and research conducted, 
with emphasis on plant diversity and species composition, and the impacts that 
environmental variables such as grazing and soil characteristics have on plant 
diversity and composition. 
Chapter 3- presents the study areas geographically, the Abe Bailey nature reserve, 
Suikerbosrand nature reserve and the Roodeplaat nature reserve, as well as the 
topography, climate and vegetation information of each nature reserve. 
Chapter 4- provides all the methodologies followed for field surveys and sampling, 
and data analysis methodologies. 
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Chapter 5- provides analysis of all observed plant diversity and species composition 
patterns, including the soil characteristics. The results of the analysis are further 
interpreted and discussed. 
Chapter 6- concludes on the results obtained and the discussion of the results, this 
chapter also provides recommendations for future research.  
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CHAPTER TWO: LITERATURE REVIEW 
 
2.1 Introduction 
There have been numerous attempts to investigate interactions between plant 
diversity and ecosystem functions, either experimentally or by using comparative 
approaches. Many studies have been carried out over the years, which address the 
relationship between plant diversity, measured as species richness, and ecosystem 
function. Some have been able to provide indications of strong linkages, and these 
have been experimental studies in grassland ecosystems, in which species diversity 
was manipulated directly in replicated treatments. Some of the prominent examples 
include studies by Tilman (1996), Hector et al. (1999), Isbell and Wilsey (2011), and 
Reich et al. (2012). In recent decades, studies have further assessed and 
determined linkages between plant diversity, productivity, environmental variables, 
and mostly climate change (Parton et al., 1995; Midgley et al., 2002) and grazing 
(Shackleton, 2000; Rutherford et al., 2012). The understanding of the effects and 
separate interactions between ecosystem properties and ecosystems types 
including the environmental heterogeneity will become a challenge for the next 
generations (Belsky, 1992). 
 
Regardless of the multitude of studies conducted, the relationship between plant 
diversity and ecosystem functioning still remains a contentious issue. For example, 
Huston (1997) reviewed equally prominent studies by Naeem et al. (1994), Tilman 
and Downing (1994) and Tilman (1996), and concluded that these studies did not 
clearly indicate that ecosystem functioning has improved with an increase of 
biodiversity. According to Huston (1997), it is most important to first understand how 
species richness patterns are related to the environment before conclusions can be 
drawn on how ecosystem processes are affected by biodiversity. Furthermore, there 
are numerous complexities regarding the studies of species richness which still 
need clarification, including the role of disturbance and the relative importance of 
biotic versus abiotic factors (Huston, 1997). 
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2.2 Impact of grazing on plant diversity and species composition 
Changes in plant diversity, species composition, and the invasion of exotic species 
are primarily influenced by the interactions of the evolutionary grazing gradient 
(Milchunas et al., 1988). There is competition for aboveground resources by 
herbivores and plants are required to adapt to frequent organ loss (Milchunas & 
Lauenroth, 1993). However, the synergistic impact of heavy grazing is detrimental 
to the diversity and structure of plant species (Little et al., 2015). Dumont et al. 
(2009) found that stocking rates influenced herbage mass and pasture height, with 
low stocking rates resulting in an abundance of forbs and non-competitive grasses. 
Grazing can also impact soil properties (Akhzari et al., 2015; Abdalla et al., 2018).   
 
Burns et al. (2009) observed how plant communities responded to the removal of 
large herbivores in South African and North American grasslands. Moreover, it was 
found that decreased grazing rates had impact on the structure and composition of 
plant communities, in as much as, there was a decline in plant diversity. 
 
Cingolani et al. (2005) indicated that grazing can cause irreversible changes to 
species composition and diversity. The study conducted by Cingolani et al. (2005) 
showed that tussock canopies are opened by grazing in a reversible process 
provided that most individual tussocks can survive the reduction of biomass. With 
moderate grazing, the process can be irreversible due to the death of some 
tussocks and this then leads to higher species diversity. The above is largely due to 
the coexistence of grazing-susceptible species protected within the remaining 
tussocks, and the grazing resistant species that fill the space between tussocks. In 
areas with intensive grazing, diversity declines because the tussocks disappear 
almost completely, resulting in the elimination of grazing-susceptible species 
(Cingolani et al., 2005). 
 
Farmers and ecologist have been on opposing sides when it comes to the 
advantages (positive impacts) and disadvantages (negative impacts) of high 
grazing pressure, these include both the short and long term impacts grazing has 
on sustaining the functionality of an ecosystem. Du Toit et al. (2011) found that short 
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term increases in stocking rates lead to a linear decrease in the canopy. This was 
also supported by Ingerpuu and Sarv (2015), who concluded that intense grazing 
can have significant impacts in plant cover changes. Ingerpuu and Sarv (2015) 
further reported that over growth of woody plants and reeds can be prevented by 
grazing and particularly in coastal meadows and grazing also increases plant 
species. On the other hand, Harrison and Shackleton (1999) demonstrated that 
important indicators of the functioning of grasslands composition and grass basal 
cover can undergo rapid change after removal of high and continuous grazing 
pressure. 
 
According to Hickman et al. (2004) animal stocking density and the grazing system 
are the two components of a grazing management strategy affecting plant 
communities. Milchunas and Noy-Meir (2004) found that grazed sites had similar 
species richness (number of plant species) as compared to ungrazed sites. These 
findings according to Pakeman (2004) and Kreft and Jetz (2007) propose that the 
number of species that react may be dependent on context, in the context that their 
increase is as a response to change in grazing and this is then dependent on the 
identity of the their neighbours and alternatively the absence of consistency may 
indicate a complex response to changing grazing regime. 
 
The individual plant size has an effect on the ecosystem functionality regarding the 
effects of the grazers on plant communities (Wu et al., 2014). Previous studies have 
shown that the shorter species normally have more tolerance to grazing than the 
taller species (Hickman et al., 2004; Milchunas & Noy-Meir, 2004; Osem et al., 
2004) and that communities with low productivity often show less response to 
grazing than high-productivity ones (Milchunas et al., 1998). 
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2.3 Plant diversity and soil characteristics 
Soil characteristics have an important influence on species diversity and 
composition, and the highly botanically valued grasses prefer soils with low nutrient 
status (Vermeer & Berendse, 1983). Species richness declines with increasing 
nutrient availability and this condition favours competitive species which are capable 
of rapid resource capture (Groendahl & Fink, 2017). The nutrients that play a role in 
species richness, diversity and composition are the soil pH, organic Carbon (OC), 
total Carbon (C), total Nitrogen (N), Calcium (Ca), Potassium (K), Magnesium (Mg) 
and Sodium (Na). Diekmann et al. (2014) found that calcareous grasslands showed 
little positive change with the addition of Nitrogen, the grasslands showed more 
change in species composition as compared to species richness. Berendse et al. 
(2015) found that the loss of soil fertility due to erosion might accelerate the decline 
in decline in plant diversity. 
 
A study of temperate grasslands by Critchley et al. (2002) predicted that broad 
grassland types were clearly differentiated by their soil properties and the findings 
were in accordance with the prediction made at the beginning of their study. 
However, the importance of soil properties in differentiating communities or sub-
communities varied with grassland type. The grasslands showed clear associations 
with particular soil properties at different community levels (Critchley et al., 2002). 
The differences in the ecological amplitude of the soil were also an indication that 
unimproved mesotrophic sub-communities occurred over a narrower range of soil 
conditions. 
 
In dry grasslands, Lobel et al. (2006) concluded that the habitat quality for plant 
species richness is best predicted by soil pH, and further found that the effect of 
other environmental variables (e.g. soil depth and cover of bare rock) often was low. 
Similarly, Duprè et al. (2002) reported that in deciduous forests the soil pH was most 
closely correlated to species richness, whereas other soil parameters were rather 
non-corresponding. 
 
Linstädter et al. (2014) study resulted in findings that were in contradiction with a lot 
of previous studies, this study reported a strong correlation between grazing and 
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soil gradient due to changes in soil properties facilitated by livestock. According to 
Ingram et al. (2008), overgrazing changed the vegetation composition to a C4 
dominated plant community from a C3 dominated plant community. This change 
increases the possibilities of soil loss via carbon dioxide efflux during low rainfall 
and or drought, the change in plant community can lead to soil organic carbon 
accumulation closer to the surface (Ingram et al., 2008). 
 
 
2.4 Effects of climate on plant diversity and composition 
Climate variables have an important role in affecting terrestrial organisms (Krebs, 
2001). Plant species grow at different temperatures, different levels of rainfall and 
at different sunlight wavelengths (Salisbury & Ross, 1992). Species have shown 
different distribution patterns along the different climatic variable gradients (Gao et 
al., 2017; Sanders, 2002). The climate variables (particularly temperature and 
rainfall) have shown a change over the past years and the changes are believed to 
have a role in plant diversity (Kruger & Shongwe, 2004; New et al., 2006; Warburton 
et al., 2005). The change in these variables has been indicated as one of the major 
environmental variables which are causing the loss of diversity and altering species 
composition within the grasslands (Parton et al., 1995; Rutherford et al., 1999; 
Midgley et al., 2002). 
 
According to Adler and Levine (2007), high plant richness occurs after the drier 
years as compared to wetter years. Extreme precipitation leads to wetter 
(waterlogged) and drier conditions, the influence of extreme rainfall on plant growth 
is not consistent across ecosystems (Zeppel et al., 2014; Zeppel et al., 2015). 
Schenk and Jackson (2002), as well as Snyder and Williams (2003) found that a 
decline in the amount of rainfall and occurrences of drought have led to loss of 
diversity in the grasslands through invasion by shrubs. 
 
Temperature is one of the significant climatic components used by the majority as 
a gradient to measure diversity (Chapungu & Nhamo, 2016). It has been shown 
through several studies that increased temperature can influence community and 
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floristic structure in temperate grasslands (Saleska et al., 2002; Shaver et al., 2000). 
Increased temperatures can influence community composition and species 
richness, as they can also modify recruitment patterns, thereby having a bearing on 
ecosystem health (De Boeck et al., 2007). Studies have also indicated that 
increased temperatures can modify productivity in grasslands, which has 
implications for ecosystem functioning (Dukes et al., 2005). 
 
 
2.5 Biodiversity studies in protected vs non-protected areas in South 
Africa 
A study conducted by Shackleton (2000) in the Mpumalanga province of South 
Africa provided an interpretive framework for explaining changes in biodiversity in 
relation to the environmental variables and land uses, in wildlife-protected and 
unprotected (private / communal) lands in lowveld savanna. Shackleton (2000) 
found that the adjacent communal lands did not necessarily have less plant species 
as compared to the protected area. The findings were in agreement with findings 
reported by Pandey and Singh (1992) conducted on the dry tropical savanna in 
India. 
 
Hongslo et al. (2009) investigated how grazing and cultivation affect vegetation in 
communal farming area, private area, and protected area in the Namaqualand for a 
period of 66 years. The study, which was conducted on an ecotone between the 
succulent karoo and nama-karoo biomes, found that there are other variables that 
influence vegetation except land-use and these include climate, soil characteristics 
and the vegetation type. The study was based on aerial photography only and 
focused on landscape changes and vegetation cover rather than vegetation 
diversity and/or productivity. 
 
In the succulent thicket of the Eastern Cape, Fabricius and Burger (1997) reported 
that the studied reserve had better vegetation cover than the adjacent communal 
lands surveyed. The study however had certain limitations as the local communities 
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are not scientifically trained and may have deviated from some scientific processes 
and the authors also noted this in their study (Fabricius & Burger, 1997).  
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CHAPTER 3: STUDY AREA 
 
3.1 Introduction 
Three study locations were selected in order to provide clear comparisons of plant 
diversity and the associated environmental variables, between wildlife protected 
areas and non-protected (private/communal) lands. A study location comprises both 
protected areas [nature reserves] and non-protected areas [adjacent grazing fields] 
for comparison to each other, based on the availability of suitable veld. Thus, the 
study area comprised of three nature reserves and their adjacent areas in the 
Gauteng Province. The three nature reserves selected for this study are shown in 
Figure 3.1, and are the Abe Bailey Nature Reserve (26° 19'51.56" S, 27° 20' 54.18" 
E -Carletonville), the Roodeplaat Municipal Nature Reserve (25°39′00″S, 
28°21′44″E -Tshwane), and Suikerbosrand Nature Reserve (26° 29'01.66" S, 28° 
13' 45.38" E -Heidelberg). The chosen study locations occur in the mesic (Gm) and 
dry Highveld (Gh) in the Grassland biome (Abe Bailey Nature Reserve, 
Suikerbosrand Nature Reserve), and part of the Central bushveld (SVcb) 
(Roodeplaat Nature reserve) of the Savanna Biome (Mucina & Rutherford 2011). 
Sampling sites were stratified along land use gradients, thus along the nature 
reserve fence. 
 
Abe Bailey Nature Reserve (ANR) is within the Merafong Local Municipality, and is 
located close to the Carletonville town and beside Khutsong Township. The 
Roodeplaat Dam Nature Reserve (RNR) is within the Tshwane Metropolitan 
Municipality. It is located on the outskirts of the city of Pretoria at a distance of 
approximately 26 km from the centre of Pretoria. Suikerbosrand Nature Reserve 
(SNR) is located near the town of Heidelberg within the Lesedi Local Municipality. 
All three nature reserves are provincially protected and managed by Gauteng 
Department of Agriculture and Rural Development. 
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Figure 3.1: Map of the Gauteng Province indicating the three nature reserves and 
their respective municipalities 
 
 
3.2 Climate 
The Gauteng Province has mild climate with warm, moist summers and cool dry 
winters. There is variation with the mean summer and winter temperatures; the daily 
mean temperatures vary from a daily mean of 21.2°C in January to 9.8°C in July 
(Schulze, 1997). The province experiences higher temperatures in the northern part 
with mean annual temperatures of approximately 19°C as compared to around 15°C 
on the southern parts of the province. (Schulze, 1997). The average daily 
temperatures recorded over a 10-year period at three weather stations closest to 
the chosen study locations are indicated in Figure 3.2; the weather data was 
provided by the South African Weather Services. 
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Data from station [0438784 3] – VEREENIGING 
 
 
Data from station [0475528 8] - ZUURBEKOM 
 
Data for station [0513385A2] - IRENE 
Figure 3.2: Average Daily temperatures recorded (10 year period) at three weather 
stations   
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The rainfall mostly occurs from the month of October through to March, with a mean 
annual precipitation of 668mm (Dent et al., 1989). The mean annual precipitation 
varies from 900mm in the central higher lying areas to 556mm in the lower lying 
areas in the northern and southern areas of the province. The monthly rainfall 
recorded over a 16 year period (2000-2016) at three weather stations within the 
vicinities of the chosen study locations is indicated in Tables 3.1 to 3.3 and in Figure 
3.3; the weather data was provided by the South African Weather Services. The 
province experiences on average 30 days of frost per year (Schulze, 1997). 
 
Table 3.1: Monthly rainfall recorded between 2000 and 2016 at Vereeniging weather 
station within the vicinity of the Suikerbosrand Nature Reserve study 
location. 
Monthly Daily Rain (mm) - VEREENIGING    
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2000 101.6 133.6 110.6 28.6 41.2 7.4 0 0 32.6 103 62 143.6 
2001 27.6 112.2 33 27.8 26.4 0 0 5.8 27.6 116.6 93.4 66.6 
2002 102 52.6 13.4 24 36.4 23 0 21.4 11.4 14.2 15.4 151.4 
2003 45 68.8 57 6 0 4.2 0 11.8 2.2 36.6 67.8 45 
2004 123.4 85 22.2 26.6 0 10.6 5 23.8 0 28.2 28.4 125.6 
2005 173.2 41.6 120.8 73.4 5.2 0 0 0.2 0.2 12.6 99.8 52.6 
2006 154 99.2 89.8 38.7 5.2 0 0 22.2 3.8 32 120 107.6 
2007 25.6 34.8 17.4 38.6 0 1.6 0 0 61.8 32.6 33.8 32.6 
2008 149.2 71.2 74.2 10.4 14.2 12.2 0 0 0 56.4 86.2 73.6 
2009 47.6 75.2 140.6 5.6 0.0 6 15.2 25.8 6.3 91.6 101.8 168.6 
2010 234.4 110.2 49 90.6 23 0 0 0 0 23.4 79.4 208.6 
2011  7.2 66.8 65.6 18.6 25.4 0 6 0.4 66 28.4 147.4 
2012 106.4 39.2 52.2 16.8 0.8 3.8 0 1.6 95.6 95.8 7.8 134 
2013 112 51.8 37.2 130 3.8 0 0 12.8 0 44.2 47.2 55.2 
2014 99.6 52 79.8 5.2 1.2 1.2 0 13.4 10 41.2 78.2 49.2 
2015 68.4 25.2 36.8 40.8 0 0.8 3.6 0 52.8 14.6 72.8 32.8 
2016 149.8 64.8 93.6 10.2 61 4.6 39.8 0 4.8 69.6 144.8 136.4 
Data Source: South African Weather Service 
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Monthly Rain (mm) Data for station [0438784 3] - VEREENIGING   Measured at 08:00 (year 2016) 
 
 
Monthly Rain (mm) Data for station [0475528 8] - ZUURBEKOM   Measured at 08:00 (year 2013) 
 
Monthly Rain (mm) Data for station [0513385A2] - IRENE WO   Measured at 08:00 (year 2016) 
Figure 3.3: Monthly rainfall recorded in 2013 and 2016 at three weather stations 
closest to the chosen study locations. 
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Table 3.2: Monthly rainfall recorded between 2000 and 2014 at Zuuebekom weather 
station within the vicinity of the Abe Bailey Nature Reserve study area. 
Monthly Daily Rain (mm) - ZUURBEKOM    
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2000 11.6 253.5 143.5 20 26 5.5 0 0 32 105 53.5 140.2 
2001 79.8 72.5 50.5 18 29 15.5 0 2 50.5 177 51 130 
2002 90.8 75 60 18 50 15.5 0 17.5 6.8 123.7 21 107 
2003 81 10.0  9 0 9.5 0.0 0  0 98.7 80 
2004 155 63.5 50 41.5 41.5 6.5 10.5 38 0 36.5 46 177 
2005 52 40 0 50 3.1 0 0 0 0 50.5 11 29 
2006 61 147.2 148.5 39 3.5 0 0 29.5 0 68.5 56 17.5 
2007 0 14.5 17 27 0 47 0 0 67.5 113 23.3 131 
2008 240 49.5 131 0 24.5 31.5 0 0 0 60.5 42.5 96 
2009 102.5 55.5 44 0 36.5 13 5 23.5 6.5 52 80 140.5 
2010 284 159.5 83 42.4 29.5 0 0 0 0 7 72.1 237.5 
2011 151 32.5 106 97.5 21 31 0 1.5 0 54.5 82.5 105.5 
2012 134.6 45.5 96 26 0 4.5 0 0 100 66.5 122.5 121.8 
2013 155 33 25 129 7.5 0 0 3.5 0 78.5 150.1 131.5 
2014 107.5 97 142.5 18.3 1.5 0.2       
Data Source: South African Weather Service 
 
Table 3.3: Monthly rainfall recorded between 2000 and 2016 at Irene weather 
station within the vicinity of the Roodeplaat Dam Nature Reserve study 
area. 
Monthly Daily Rain (mm) - IRENE     
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2000 138.6 235.2 146.5 38.2 24.7 0 2 0 20.1 176.7 0 91.9 
2001 110.5 92.3 46.1 28.3 60.8 9.7 0 2.1 19.5 56.7 150.4 131.7 
2002 3.6 90 26.3 36.5 32 18.2 0 15.3 2 49.6 20.4 126.3 
2003 122.9 56.7 55.6 3.9 0 12.7 0 0.7 3.2 0 32.5 52.1 
2004 84.8 178.1 150.7 93.2 8.6 1.4 3.4 2 0 12.8 107.8 97.2 
2005 219.4 54.2 74.4 55.1 0 0 0 0 0 9.2 121.4 49 
2006 186.9 130.7 35.3 22.9 3.2 0 0 54.4 0.6 16.3 116.2 152.5 
2007 56.6 31.5 14.2 37.9 0 27 1 0 35.4 140.2 39.5 86.2 
2008 199.3 56.9 145.9 6.4 46.5 8.3 2.6 0 0 56.4 137.9 43 
2009 129.9 94.1 74.5 3.5 10.4 36.1 2.4 6.6 39.7 60.9 100.4 125.7 
2010 162.6 138.4 77 105.7 42.5 0 0 0 0 24.2 62.8 197.7 
2011 196.3 117.8 106.2 64.9 5.7 25.5 0 4.4 0 83.7 80.8 171.4 
2012 72.9 62 0.0 0 0 0 0 0 81.1 84.3 104.8 118.3 
2013 70.2 66.6 34.4 79.4 0.5 0 0 4.4 1.4 83.3 86.2 183 
2014 149.2 208.3 236.1 9.3 1.2 0 0.6 5.5 0.8 47.7 124.4 193.3 
2015 47.2 21 101.5 28.1 0 2.2 5.6 0 39.5 20.9 57.2 93.4 
2016 131.7 61.3 109 8.1 49.6 11.4 11.7 3.8 2.9 63.7 30.2 95.6 
Data Source: South African Weather Service 
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3.3 Topography and vegetation 
3.3.1 Abe Bailey study location 
The Abe Bailey Nature Reserve occurs within the Carletonville Dolomite Grassland 
(Gh 15) vegetation unit (Mucina & Rutherford, 2006), at an elevation of 1477m. The 
Carletonville Dolomite Grassland is characterised by important taxa such as Aristida 
congesta, Heteropogon contortus, Crabbea angustifolia, and Elephantorrhiza 
elephantina. The landscape of this grassland is characterised by slightly undulating 
plains and is dissected by rocky chert ridges (Mucina & Rutherford, 2006). The 
geology is mostly dolomite and chert of the Malmani Subgroup (Mucina & 
Rutherford, 2006). 
 
The reserve is surrounded by open grassland in three directions namely, north, west 
and east. South of the nature reserve is a built up area consisting of a residential 
area called Khutsong Township. The township extends towards the center of the 
reserve but falls outside its demarcation. The nature reserve is located within 
Carletonville, which is known as a gold mining town. The areas surrounding the 
nature reserve also occur within the Carletonville Dolomite Grassland (Gh 15) 
vegetation unit (Mucina & Rutherford, 2006). 
 
 
Figure 3.4:  Vegetation units and study sites within the Abe Bailey nature Reserve 
and surrounding area- Carletonville Dolomite Grassland (Gh 15     ). 
Study sites  
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3.3.2 Roodeplaat study location 
The Roodeplaat Dam Municipal Nature Reserve occurs within the Marikana 
Thornveld (SVcb 6) vegetation unit (Mucina & Rutherford, 2006). The Marikana 
Thornveld includes important taxa such as Themeda triandra, Setaria sphacelata, 
Ziziphus mucronata, and Barleria macrostegia (Mucina & Rutherford, 2006).The 
landscape is slightly undulating with valleys and hills, and is characterised by an 
open Vachellia (Acacia) karoo woodland (Mucina & Rutherford, 2006). 
 
The Roodeplaat Dam Nature Reserve is surrounded by the Roodeplaat Dam and 
build up areas. The build-up areas are not dense and some of the land is still used 
for smallholder farming purposes. These surrounding areas are also within the 
Marikana Thornveld (SVcb 6) vegetation unit (Mucina & Rutherford, 2006). 
 
 
 
Figure 3.5: Vegetation units and study sites within the Roodeplaat Dam Nature 
Reserve and surrounding area- Marikana Thornveld (SVcb 6     ). Study 
sites   
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3.3.3 Suikerbosrand study location 
The Suikerbosrand Nature Reserve mainly occurs within the Tsakane Clay 
Grassland (Gm9), with a smaller occurrence of the Andesite Mountain Bushveld 
(SVcb11) vegetation unit (Mucina & Rutherford, 2006). The altitude varies between 
1545 and 1917 m above sea level. The Tsakane Clay Grassland extends from 
Soweto to the town of Springs in the Gauteng Province and is distributed in patches 
southwards to Nigel and Vereeniging. The vegetation unit also occurs in parts of the 
Mpumalanga Province between Balfour and Standerton and also in the northern 
side of the Vaal Dam. Tsakane Clay Grassland includes important taxa such as 
Andropogon schirensis, Eragrostis racemosa, Senecio inornatus and 
Anthospermum rigidum subsp. pumilum (Mucina & Rutherford 2006). The 
landscape is flat to slightly undulating, with low hills also present in some areas of 
the grassland. 
 
The Andesite Mountain Bushveld vegetation unit is spread in the Gauteng, Free 
State, North West and Mpumalanga Provinces, and the distribution is in patches 
throughout the provinces. It occurs on undulating landscapes on hills and valleys. 
The Andesite Mountain Bushveld includes important taxa such as Digitaria eriantha 
and Elionurus muticus (Mucina & Rutherford, 2006). 
 
The Suikerbosrand Nature Reserve is surrounded by open fields, mostly agricultural 
fields in three directions in the north, west and south. The eastern side of the nature 
reserve consists of built up residential and business areas (Heidelberg). The N3 
highway lies to the east of the nature reserve, while the R59 road lies to the west. 
The surrounding areas also occur within the Tsakane Clay Grassland (Gm9), the 
Andesite Mountain Bushveld (SVcb11), and the Carletonville Dolomite Grassland 
(Gh 15) vegetation units (Mucina & Rutherford, 2006). 
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Figure 3.6: Vegetation units and study sites within the Suikerbosrand Nature 
Reserve and surrounding area- Tsakane Clay Grassland (Gm9     ); 
Andesite Mountain Bushveld (SVcb11   ); Carletonville Dolomite 
Grassland (Gh 15      ); Sampling area  
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CHAPTER 4: RESEARCH DESIGN AND DATA COLLECTION 
 
4.1 Site identification and selection 
The first step of the survey entailed the stratification of vegetation prior to sampling. 
Preliminary habitat types were noted on suitable aerial imagery such as Google 
Earth and appropriate sites (i.e sites representing natural grasslands) were 
identified for Abe Bailey Nature Reserve (ANR), Roodeplaat Dam Nature Reserve 
(RNR), and Suikerbosrand Nature Reserve (SNR). These sites were later identified 
on the ground and paired with corresponding areas outside the nature reserves. 
The research design as shown in Figure 4.1 comprised of three study locations, 
three (paired) sites at each location, and nested multiple scale sample plots at each 
site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1: A schematic representation of the sampling design showing the study 
location, paired sites and sample plots. The design is applicable to each 
of the three study locations. 
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Sites were selected to represent natural grasslands close to the border fence 
between the selected nature reserves and adjacent grazing areas. A 100m buffer 
area was left on either side of the fence to avoid edge effects and to avoid the 
vegetation treatment areas (eg. vegetation burning and fire breaks for nature 
reserves). Care was taken in ensuring that the paired sampling sites were in 
comparable landscapes, avoiding places with major differences in habitat such as 
aspect, rockiness and slope. Sites selected had similar topography and were 
adjacent to one another. Two sites at ANR were paired with areas on a livestock 
farm, the third site was paired with an abandoned area used for communal cattle 
grazing. All sites at RNR were paired with smallholder areas (privately owned land) 
with very little or occasional animal presence. At SNR, two sites were paired with 
livestock farms while the third site was paired with a communal grazing land. The 
type of animals present in the nature reserves are presented in Table 4.1. 
 
Table 4.1: Grazer types and stocking densities of the three nature reserves, 
according to Gauteng Department of Agriculture and Rural Development 
ANR 
Grazer Type Large animal units (LAU) Recommended LAU 
Bulk grazers 168.3 254.29 
Selective grazers 184.5 254.29 
Mixed feeders/ browsers 30.075 50.86 
RNR 
Bulk grazers 51 29 
Selective grazers 26 29 
Mixed feeders/ browsers 40 15 
SNR 
Bulk grazers 492 492 
Selective grazers 461 492 
Mixed feeders/ browsers 211 246 
 
  27 
 
 
4.2 Habitat analysis 
Habitat conditions were recorded for each site at all the three study locations. In 
particular, the physical appearance of each site was noted which included the 
vegetation cover, plant defoliation and trampling (visually), burning, presence of 
bare patches and bare rock, the amount of visible rocks and stones, as well as 
animal activity. Land use was determined for the adjacent areas as either communal 
or privately owned land and any activities occurring on the land noted. The activities 
identified were mostly cattle grazing. In both nature reserves and adjacent land, 
animals seen within the vicinity of each site were recorded. Animal activity was 
noted by checking for footprints, footpaths, furrows and animal dung present on 
each site. Animal grazing was visually estimated based on the amount of plant 
defoliation and trampling, soil disturbance, amount of dung, and animal footpaths. 
Three grazing intensities were distinguished: low/no grazing, moderate grazing, and 
heavy grazing. 
 
 
4.3 Vegetation survey 
4.3.1 Data collection 
At each site, data sampling for species composition and plant diversity was 
completed with the use of the method developed by Stohlgren et al. (1995) known 
as the Modified-Whittaker plot. The Modified-Whittaker plot (MWP) is an adaption 
of the method developed earlier by Whittaker (Shmida, 1984). The Modified-
Whittaker plot samples the plant diversity over multiple spatial scales in methodical 
systematic surveys (nested plots). The nested plots within the MWP extend from 
1m2; 10m2 and 100m2 and are all within a 1000m2 area. Within each of the 1000m2 
MWP (50m x 20m), there are ten sample plots of 1m2 (2mx0.5m) size, two of 10m2 
(5m x 2m) size, and a single 100 m2 (20m x 5m) plot (Figure 4.2). The 1m2 plots 
were placed systematically on the edge boundary of the 1000m2 and 100m2 plots, 
and were also systematically numbered from 1-10. 
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Figure 4.2: Modified Whittaker Plot (adapted from Stohlgren et. al (1995). 
Numbers in circles indicate identification of small plots. 
 
The MWP was used for sampling in both the nature reserve and the adjacent 
grazing lands, thus there were three MWP’s within the nature reserve and three 
MWP’s at the adjacent grazing lands. The above mentioned process was repeated 
for all three study locations (ANR, SNR and RNR), making a total of 18 MWP’s 
(Table 4.2). 
 
Table 4.2: Total plots surveyed in different sizes. 
Plots size Total number of plots surveyed 
1m2 (0.5m x2m) 180 plots 
10m2 (2mx5m) 36 plots 
100m2 (5mx20m) 18 Plots 
1000m2 (20mx50m) 18 Plots 
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4.3.2 Species cover and abundance 
All vascular plants in the 1000m2, 100m2, and 10m2 plots were recorded. In the 1m2 
plots, more detailed surveys were conducted. All vascular plants present were 
recorded and the number of individuals for each species within a plot were also 
recorded. The cover-abundance for the recorded species was visually estimated 
using the Braun-Blanquet scale (Kent, 2012; Mueller-Dombois & Ellenberg, 1974; 
Van der Maarel, 2005) (Table 4.3). Plant species were identified on the spot with 
the use of field guides and plant species that could not be identified were 
photographed and assigned a species number, to ensure that they could be 
identified if encountered again during the sampling process. The photographed 
specimens were later identified with the use of field guides (Van Wyk & Malan, 1998; 
Van Oudtshoorn, 2014). 
 
Table 4.3: Braun Blanquet cover-abundance scale 
r Very small cover, rare occurrence 
+ Few individuals; cover less than 1% 
1 Abundant; cover between 1-5% 
2a Cover between 6-12% 
2b Cover between 13-25% 
3 Cover between 26-50% 
4 Cover between 51-75% 
5 Cover more than 75% 
 
 
4.4 Soil sampling and analysis 
Soils were sampled at all the 1m2 plots within the 1000m2 MWP’s (50m x 20m), 
using a bucket auger of 75mm diameter. One soil sample was taken in the centre 
of the 1m2 plot, but where certain 1m2 plots were too rocky at the centre points, the 
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soil samples were collected at the edges of the plots. The soil samples were taken 
to a depth of 30cm. A total of 180 soil samples were collected but due to financial 
constraints pertaining to the analyses, the number of samples was reduced to 54 
composite samples i.e. from ten individual samples to three composite samples per 
1000m2 plot. The three composite samples were derived as follows: samples from 
1m2 plots 1, 2 and 10 were mixed into one sample; samples from plots 3, 4, 5, and 
6 were mixed together; and the third composite sample was from plots 7, 8, and 9 
(refer to Figure 4.2). The soil samples were sent out for analyses at a laboratory of 
the Agricultural Research Council – Soil, Climate, and Water. The following 
chemical properties were analysed: phosphorus (P) (Bray No 1); potassium (K), 
calcium (Ca), magnesium (Mg), and sodium (Na) (Ammonium Acetate), total 
nitrogen (N), organic and total carbon (C), and pH (water). 
 
 
4.5 Climate data 
Temperature and rainfall data were sourced from the South African Weather 
Service, for Vereeniging, Zuurbekom, and Irene weather stations. These are the 
stations closest to the three study locations. 
 
 
4.6 Data analysis 
Analytical and statistical methods were utilised to interpret the differences and or 
similarities between the species compositions and diversity in the nature reserves 
and the adjacent grazing areas. Detrended Correspondence Analysis (DCA) (Hill, 
1979) was performed in order to determine trends in species composition at the 
three study locations, using Community Analysis Package 4.  
 
 
4.6.1 Species dominance 
The species dominance was determined as Importance Value Index (IVI), which 
was calculated per 1000m2 plot using species density and percentage cover 
averaged for the 1m2, and the frequency of the species.  The following formulas 
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were used to calculate relative frequency (RF), relative cover (RC) and relative 
density (RD) and finally the IVI. 
 
RC=   Total number of species        x 100 
Total number of individuals of all species recorded  
 
RD= Total number of individuals of a particular species in all quadrats  x 100 
 Total number of individual of all species in all quadrats 
 
RF = Number of quadrats in which a species occurred              x 100 
       Total number of quadrats studied 
    
IVI = Relative frequency + Relative dominance + Relative density 
 
 
4.6.2 Species overlap 
Species overlap and similarity in species composition between the paired sites was 
calculated for 100m2 plots, using the Jaccard similarity coefficient (CJ) and 
Sorenson similarity index (CS), which are based on presence/absence data. The 
Sorenson coefficient puts emphasis on species that are common between samples 
and doubles their weight (Kent, 2012). The formulae used for calculation of CJ and 
CS were as follows: 
 
CJ   = 
a 
a+b+c 
 
CS   = 
2a 
2a+b+c 
where: 
a = number of species common to (shared by) sample plots, 
b = number of species unique to the first sample plot, and 
c = number of species unique to the second sample plot. 
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The Bray-Curtis (dis)similarity index (BC) (Magurran, 2004; Kent, 2012) was 
calculated for the 1m2 plots, using abundance data i.e. the number of individuals of 
each species in a sample plot. BC was calculated as follows: 
BCij  =  1 – 
2Cij 
Si+Sj 
where: 
i = total number of individuals in plot i, 
j = total number of individuals in plot j, and 
Cij = the sum of the lower of the two abundance for species found in plots i and j. 
 
One-way ANOVA was conducted to determine significant differences in the 
dis/similarity coefficients i.e. compare the coefficients between the three study 
locations. 
 
 
4.6.3 Diversity indices 
There are several ways of defining and measuring species diversity; these include 
species abundance and species richness (Magurran, 2004). Species richness is the 
simplest measure, which is regarded as the number of species in an area or 
community. Diversity indices provide important information about rarity and 
commonness of species in a community. Species diversity measures consist of 
species richness indices and indices that are based on the proportional abundance 
of species (Ludwig & Reynolds, 1988; Krebs, 1989; Magurran, 2004). The species 
richness indices measure the number of species in a sampling area, while species 
abundance indices such as Shannon Weiner index describe the proportional 
abundance of species (Ludwig & Reynolds, 1988; Krebs, 1989; Magurran, 2004) 
i.e. they indicate the proportions of the individuals of each species in a sample plot 
(Fowler et al., 1998). 
 
The Shannon- Wiener diversity index (H’) and species evenness (J’) were 
calculated for each 1m2 quadrat in all the three study locations. 
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The equation used to calculate the Shannon-Weiner was: 
 
𝐻′ = ∑ 𝑝𝑖 ln𝑝𝑖
𝑆
𝑖=1
 
 
where  
S is the number of species (richness) and  
pi is the proportion S made up of the i-th species. 
 
The Shannon -Wiener index reaches maximum when all species in a sample area 
are represented by the equal number of individuals, which then means that there is 
an even distribution of abundances (Ludwig & Reynolds, 1988). Theoretically H’ 
values can reach very high values with the increases in the number of species in a 
community, however this has not been the case from practice as the values never 
seem to exceed 4.0 or 5.0 (Krebs, 1989; Magurran, 2004). 
 
The evenness index calculated is derived from the Shannon index, which as a  
measure includes a degree of evenness (Magurran, 2004). Pielou’s evenness (J’) 
was calculated as: 
 
J’ = H’/H’max = H’/ln S 
 
Student’s t-tests were conducted to compare the diversity indices between sites A 
and B at the three study locations. 
 
 
4.6.4 Soil 
Student’s t-test was conducted to determine whether soil properties were 
significantly different between nature reserves and adjacent areas.  
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CHAPTER 5: RESULTS AND DISCUSSION 
 
5.1 Habitat characteristics 
Habitat conditions and grazing intensity were determined at each study site. 
 
 
5.1.1 Abe Bailey study location 
Site ANR1A (Figure 5.1) had animal dung, animal tracks and animal burrows which 
indicated the presence of grazing animals. The grazing level was visually 
determined as moderate grazing. The site also had ant mounds, bare ground rock 
and a few bare ground patches. Site ANR1B had a lot of bare ground patches and 
animal tracks with animal dung. There was a lot of animal (cattle) movement with 
animal and or human footpaths and the grazing level was determined to be heavy 
grazing. 
 
Site ANR2A had ant mounts present and bare ground patches, and grazing was 
visually determined to be moderate grazing. There was presence of animal tracks 
and animal dung, and black wildebeests and zebras were spotted in the vicinity of 
the site. Site ANR2B had ant mounds present and bare ground patches and grazing 
was visually determined to be heavy grazing. 
 
Site ANR3A showed to have been recently burnt and the vegetation was in patches 
with a lot of bare ground, visually the vegetation was dominated by Eragrostris 
lehmanniana. Black wildebeests were spotted in the vicinity of the site and grazing 
was visually determined to heavy grazing. Site ANR3B had visible bare rock with a 
few bare ground patches. The site also had animal tracks and trampling with animal 
droppings and ant mounds. Grazing was visually determined to be moderate 
grazing. 
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Abe Bailey site ANR1A                                      Abe Bailey Site ANR1B 
 
  
Abe Bailey Site ANR2A                                       Abe Bailey Site ANR2B 
 
  
Abe Bailey Site ANR3A                                       Abe Bailey Site ANR3B 
Figure 5.1: Photographs of study sites at Abe Bailey Nature Reserve (ANR) and 
adjacent areas  
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5.1.2 Roodeplaat study location 
Site RNR1A (Figure 5.2) had animal droppings, tracks and trampling. The site also 
had footpaths with ant mounts and bare ground patches. The animals spotted in the 
vicinity of the site included zebras and blue wildebeest. This site was in upslope of 
the Roodeplaat Dam. The grazing was visually determined to be moderate grazing. 
Site RNR1B had very dense vegetation with little to no evidence of animal activity, 
thus no large grazing animal tracks or droppings were spotted on site. The site was 
visually dominated by Eragrostris lehmanniana and the grazing was visually 
determined to be little or no grazing. 
 
At Site RNR2A there was presence of zebras and blue wildebeest in the vicinity of 
the site, animal droppings were observed on site and these showed to be of small 
and large animals. The site had loose rocks and stones and showed signs of 
burning. The grazing was visually determined to be moderate grazing. Site RNR2B 
had dense vegetation with the presence of small to medium rocks with very little to 
no evidence of animal activity. The grazing level was visually determined to be little 
to no grazing. Site RNR3A was in close proximity to an electrical powerline with the 
small and large animal droppings observed on site. There were ant mounds and 
animal burrows and tracks. The grazing was visually determined to be moderate 
grazing. 
 
Site RNR3B had presence of animal droppings and animal burrows; the site was in 
close proximity of an electrical powerline with ant mounds observed. The grazing 
level was visually determined to be little to no grazing. 
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Roodeplaat Site RNR1A                                     Roodeplaat Site RNR1B 
 
 
Roodeplaat Site RNR2A                                     Roodeplaat Site RNR2B 
 
 
Roodeplaat Site RNR3A                                    Roodeplaat Site RNR3B 
Figure 5.2: Photographs of study sites at Roodeplaat Dam Nature Reserve (RNR) 
and adjacent areas 
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5.1.3 Suikerbosrand study location 
Site SNR1A (Figure 5.3) showed a homogenous vegetation which was visually 
dominated by Heteropogon contortus. The site was upslope a wetland and electrical 
powerlines, there were animal droppings observed and bare rock. The site was 
previously a farm before it was a nature reserve. The grazing was visually 
determined to be moderate grazing. 
 
At Site SNR1B, the vegetation was in patches and was visually dominated by 
Eragrostris lehmanniana. The site was upslope an electrical powerline and a 
wetland/stream. There was animal (cattle) movement in the vicinity of the site and 
grazing was visually determined to be moderate grazing. Site SNR2A had dense 
vegetation and was at the foot slope of a hill in a westward direction. There were 
animal droppings observed and there was presence of electrical powerlines 
downslope the site. Grazing was visually determined to be moderate grazing. Site 
SNR2B was downslope from electrical powerlines and bare ground patches with 
cattle dung were present. There was a lot of animal (cattle) movement in close 
vicinity to the site. Grazing was visually determined to be moderate grazing. 
 
Site SNR3A had a lot of animal activity observed, there were animal burrows, animal 
droppings, animal tracks and animal trampling. The site was uphill an animal 
watering hole. There were loose rocks and stones observed on site. The site visually 
had a thick herbaceous layer compared to the graminoid layer, with the dominant 
species visually observed to be Berkheya setifera. Grazing was visually determined 
to be heavy grazing. Site SNR3B was visually dominated by Hyparrhenia hirta and 
the site was situated on a downward slope of the hill, the site was rocky with loose 
stones. The site showed signs of being previously burned and the grazing was 
visually determined to be moderate grazing. Baboon activity was observed and 
heard on site. 
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Suikerbosrand Site SNR1A                                Suikerbosrand Site SNR1B 
 
 
Suikerbosrand Site SNR2A                               Suikerbosrand Site SNR2B 
 
  
Suikerbosrand Site SNR3A                                Suikerbosrand Site SNR3B 
Figure 5.3: Photographs of study sites at Suikerbosrand Nature Reserve (SNR) and 
adjacent areas 
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5.2 Analysis of vegetation structure 
The different land uses (protected nature reserves and non-protected land) were 
analysed for species composition, plant diversity and soil properties. The total 
number of species recorded in the three study locations was 235. The families that 
were strongly represented were the Poaceae family with 53 species recorded and 
Asteraceae with 15 species. 
 
 
5.2.1 Species composition 
The vegetation structure was similar throughout the three study locations and 
consisted of a grass layer, herbaceous layer and isolated patches of shrubs. This 
vegetation composition is indicated in Figure 5.4 for all 18 Modified Whittaker plots 
(i.e. 1000m2 plots). At Abe Bailey study location, all study sites had comparable 
proportions of grasses, herbs and shrubs both within and outside the nature 
reserve. ANR3 however had a much higher number of grass species, both within 
and outside the nature reserve. At Roodeplaat Dam study location, RNR1 and 
RNR2 had comparable proportions of the three plant growth forms inside and 
outside the nature reserve but RNR3 had a much lower number of herbaceous 
species in the adjacent area. At Suikerbosrand study location the A and B sites had 
comparable proportions of the three plant growth forms, but the vegetation consists 
of far more herbs and forbs than grasses at all the paired sites. 
 
An ordination analysis in the form of Detrended Correspondence Analysis or DCA 
(Hill, 1979) was conducted to determine patterns of species composition for the 
three study locations. The species composition of Roodeplaat Dam is different from 
Abe Bailey and Suikerbosrand as can be seen in the distribution of the RNR study 
sites on the ordination plot (Figure 5.5). The sites of ANR and SNR are grouped 
together indicating some similarity in species composition. 
 
 
  41 
 
 
Figure 5.4: Species life forms in 1000 m2 plots at (A) nature reserves and (B) 
adjacent grazing lands 
 
 
 
Figure 5.5: A detrended correspondence analysis ordination plot showing the 
distribution of the study sites (red squares) along Axis 1 and Axis 2. 
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5.2.2 Species dominance 
The most dominant species at all three study locations were grasses. At Abe Bailey, 
ANR1A, ANR2A, and ANR3A sites within the nature reserve were dominated by 
species such as Themeda triandra, Diheteropogon amplectens and Eragrostis 
lehmanniana (Table 5.1), respectively, whilst ANR1B, ANR2B, and ANR3B plots at 
the adjacent grazing areas were dominated by species such as Melinis repens, 
Setaria sphacelata and Triraphis andropogonoides. Tristachya leucothrix and 
Eragrostis lehmanniana dominated the sites at the nature reserve side at RNR, 
while the adjacent areas were dominated by species such by Hyparrhenia sp, 
Tristachya leucothrix and Heteropogon contortus. At the SNR Heteropogon 
contortus, Hyparrhenia tamba and Eragrostis lehmanniana dominated the plots in 
the nature reserve, with Eragrostris curvula, Eragrostris lehmanniana and Aristida 
congesta being the most dominant at the adjacent grazing area. 
 
Table 5.1: Overall results with relative frequency, relative cover, relative density and 
Importance Value index of the five most dominant species for each site (A- 
represents sites in the Nature reserve and B –represents the adjacent private land). 
# Dominant species 
Relative 
Cover 
(%) 
Relative 
Density 
Relative 
Frequency 
Importance 
Value Index 
(IVI) 
Abe Bailey (ANR) 
ANR 
1A 
Cymbopogon caesius 21.68 7.45 12.12 41.25 
Eragrostis lehmanniana 13.55 7.45 12.12 33.12 
 Setaria sphacelata 25.75 12.2 18.18 56.12 
 Themeda triandra 44.72 9.21 15.15 69.08 
 Triraphis andropogonoides 1.36 21.68 3.03 26.07 
 
ANR 
1B 
Cymbopogon caesius 18.64 7.14 22.50 48.28 
Cynodon dactylon 13.18 24.31 10 47.5 
 Eragrostis lehmanniana 22.98 11.91 17.5 52.38 
 Melinis repens 28.06 21.03 22.50 71.59 
 Tragus racemosa 4.71 16.50 5 26.21 
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ANR 
2A 
Diheteropogon amplectens 47.33 19.17 27.78 94.28 
Eragrostris racemosa 20.63 19.26 16.67 56.55 
 Eustachys paspaloides 4.85 18.44 5.56 28.85 
 Heteropogon contortus 6.07 5.74 8.33 20.14 
 Setaria sphacelata 12.14 11.59 19.44 43.17 
 
ANR 
2B 
Cymbopogon caesius 14.62 6.62 13.51 34.75 
Diheteropogon amplectens 5.64 8.1 8.11 21.85 
 Setaria sphacelata 31.79 10.09 18.92 60.81 
 Themeda triandra 24.36 18.22 10.81 53.39 
 Triraphis andropogonoides 5.13 12.14 5.41 22.68 
 
ANR 
3A 
Aristida canescens 3.04 3.19 14.58 20.82 
Cynodon dactylon 17.15 16.1 14.58 47.83 
 Eragrostris curvula 14.72 8.09 10.42 33.22 
 Eragrostis lehmanniana 44.77 13.42 20.83 79.02 
 
Eragrostris 
pseudosclerantha 
3.65 14.92 2.08 20.36 
 
ANR 
3B 
Aristida congesta 8.56 5.92 10.81 25.29 
Eragrostis superba 5.14 8.88 5.41 19.2 
 Heteropogon contortus 6.85 15.79 2.7 25.34 
 Setaria sphacelata 17.81 9.87 16.22 43.89 
 Triraphis andropogonoides 41.44 17.76 18.92 78.12 
Roodeplaat (RNR) 
RNR 
1A 
Aristida canescens 11.18 10.34 12.50 34.02 
Eragrostis lehmanniana 41.67 28.88 25 95.55 
 Eragrostis gummiflua 19.31 24.14 21.88 65.32 
 Loudetia simplex 4.04 10.34 3.13 17.53 
 Setaria sphacelata 16.26 15.95 25 57.21 
 
RNR 
1B 
Aristida canescens 7.97 6.06 14.63 28.66 
Eragrostris racemosa 10.17 36.33 2.44 48.94 
  44 
 
 Eragrostris gummiflua 13.90 10.52 9.76 34.17 
 Heteropogon contortus 28.81 10.28 19.51 58.60 
 Setaria sphacelata 14.41 8.61 14.63 37.65 
 
RNR 
2A 
Melinis repens 9.27 6.71 10.34 26.32 
Setaria incrassata 13.73 11.19 3.45 28.36 
 Digitaria sanguinalis 5.72 7.16 17.24 30.12 
 Tristachya leucothrix 35.93 19.76 20.69 76.38 
 Eragrostis lehmanniana 12.81 11.19 10.34 34.35 
 
RNR 
2B 
Pogonarthia squarrosa 2.98 8.05 5.71 16.74 
Heteropogon contortus 12.30 9.84 17.14 39.29 
 Tristachya leucothrix 48.61 18.79 22.86 90.26 
 Eragrostis racemosa 3.17 4.70 11.43 19.3 
 Panicum coloratum 19.84 22.82 5.71 48.37 
 
RNR 
3A 
Eragrostis lehmanniana 48.34 11.15 21.05 80.55 
Melinis repens 9.39 16.73 10.53 36.65 
 Pogonarthia squarrosa 6.08 14.87 7.89 28.84 
 Heteropogon contortus 11.60 8.92 13.16 33.68 
 Setaria pumila 7.18 7.43 15.79 30.14 
 
RNR 
3B 
Pogonarthia squarrosa 35.47 11.19 23.68 70.35 
Hyparrhenia sp 34.87 15.75 23.68 74.31 
 Eragrostis lehmanniana 14.63 18.65 15.79 49.07 
 Heteropogon contortus 8.42 15.85 10.53 34.80 
 Setaria sphacelata 3.01 9.95 7.89 20.85 
Suikerbosrand (SNR) 
SNR 
1A 
Heteropogon contortus 79.91 12.28 34.48 126.67 
Setaria sphacelata 6.16 18.83 17.24 42.23 
 Themeda triandra 2.49 6.14 13.79 22.42 
 Brachiaria serrata 3.67 17.74 10.34 31.75 
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 Diheteropogon amplectens 5.43 20.46 10.34 36.23 
 
SNR 
1B 
Themeda triandra 19.55 6.56 11.76 37.87 
Hyparrhenia hirta 7.42 5.00 20.59 33.00 
 Eragrostris lehmanniana 23.60 20.12 14.71 58.42 
 Heteropogon contortus 22.47 18.80 14.71 55.98 
 Aristida congesta 20.45 22.74 14.71 57.89 
 
SNR 
2A 
Eragrostris lehmanniana 40.75 26.81 13.04 80.60 
Themeda triandra 15.11 19.15 6.52 40.78 
 Aristida canescens 13.41 13.46 15.22 42.09 
 Brachiaria serrata 9.17 11.95 10.87 31.99 
 Setaria sphacelata 9.68 8.90 17.39 35.97 
 
SNR 
2B 
Eragrostris lehmanniana 18.44 16.55 12.73 47.71 
Hyparrhenia hirta 17.50 5.35 10.91 33.76 
 Cynodon dactylon 13.22 20.05 7.27 40.55 
 Themeda triandra 16.95 8.47 14.55 39.96 
 Setaria sphacelata 3.91 6.54 10.91 21.36 
 
SNR 
3A 
Hyparrhenia tamba 64.52 12.82 28.57 105.91 
Setaria sphacelata 12.90 20.51 28.57 61.99 
 Brachiaria serrata 8.06 41.03 7.14 56.23 
 Eragrostris lehmanniana 8.06 15.38 14.29 37.73 
 Hyparrhenia hirta 3.23 5.13 14.29 22.64 
 
SNR 
3B 
Brachiaria serrata 25.25 7.75 26.92 59.93 
Eragrostris racemosa 2.21 7.75 7.69 17.65 
 Eragrostris curvula 37.20 32.88 19.23 89.31 
 Setaria sphacelata 6.31 20.16 7.69 34.16 
 Hyparrhenia hirta 27.46 15.95 26.92 70.33 
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5.2.3 Species overlap 
Three similarity coefficients i.e. Jaccard, Sorenson, and Bray-Curtis coefficients 
were used to assess and compare the composition of species within and outside 
the nature reserves. The Jaccard coefficient was used because it is regarded as 
one of the simplest and suitable methods for assessing how similar the species 
composition is between sample plots (Stohlgren, 2007; Kent, 2012). Sorenson 
coefficient also measures species similarity between sample plots but puts 
emphasis on common species and doubles their weight. High values of similarity 
coefficients indicate a high number of common species between sample plots. 
 
The Bray-Curtis coefficient, on the other hand, can be calculated as both a similarity 
and a dissimilarity coefficient, the latter of which determines how sample plots differ 
in species composition. The coefficient has been widely used because it is easy to 
calculate and interpret (Waite, 2000). In this study, the Bray-Curtis coefficient was 
calculated as a dissimilarity measure, according to Magurran (2004) and Kent 
(2012). The high values of the Bray-Curtis coefficient indicate a high degree of 
dissimilarity in species composition. 
 
According to the results of the species composition assessments, there is low 
species overlap between the paired sites (Table 5.2). The sites at ANR have the 
highest similarity in species composition than RNR and SNR sites, as can be seen 
in the relatively higher values of Bray-Curtis, Jaccard, and Sorenson coefficients. 
According to Stohlgren (2007), the assessment of species composition overlap can 
be influenced by many factors, which include plot size. The overlap assessment for 
the three study locations was done at two scales: in small 1m2 plots using the Bray-
Curtis coefficient, and in larger plots (1000m2) using Jaccard and Sorenson 
coefficients.  
 
As can be seen in Table 5.2, the Jaccard and Sorenson values indicate higher 
species overlap in the larger plots at all three study locations, while the Bray-Curtis 
values reveal lower overlap in the smaller plots. However, according to Gotelli and 
Ellison (2004), the similarity coefficients for small plots can be relatively high, mainly 
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because the small plots may have a few common and dominant species. In this way 
when plot size is increased, the larger plots can often capture rare species which 
may not be encountered in the smaller (1m2) plots (Stohlgren, 2007). The inclusion 
of rare species thus decreases species overlap in the larger plots (Gotelli & Ellison, 
2004; Stohlgren, 2007). The discrepancy in the Bray-Curtis values for the three 
study locations could be due to the sensitivity of the coefficient to the abundant 
species (outlying values); such sensitivity can distort the dissimilarity/slash distance 
between plots (Digby & Kempton, 1987; Waite, 2000). 
 
Table 5.2: Similarity and dissimilarity coefficients for the nature reserves and the 
adjacent grazing lands 
 
Abe Bailey 
(ANR) 
Roodeplaat 
(RNR) 
Suikerbosrand 
(SNR) 
Jaccard’s coefficients 
 
0.30 0.30 0.27 
0.38 0.24 0.36 
0.59 0.19 0.35 
Average 0.42 0.24 0.33 
Standard Deviation 0.15 0.05 0.05 
Sorensen coefficients 
 0.46 0.46 0.43 
0.55 0.38 0.53 
0.74 0.32 0.52 
Average 0.58 0.39 0.49 
Standard Deviation 0.15 0.07 0.06 
Bray-Curtis coefficients 
 0.74 0.67 0.81 
0.69 0.62 0.51 
0.88 0.67 0.65 
Average 0.77 0.65 0.66 
Standard Deviation 0.10 0.03 0.15 
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5.3 Plant diversity 
5.3.1 Species richness 
Species richness was analysed at multiple spatial scales i.e. at 1m2, 10m2, 100m2, 
and 1000m2 scales. 
 
 
Species richness at 1m2 scale 
The average number of species recorded in the 1m2 plots (S) is presented in Figure 
5.6 and Table 5.4. At Abe Bailey study location, ANR1 had a slightly higher number 
of species recorded in the adjacent area than in the nature reserve; the number of 
species was similar at ANR2, but at ANR3 there was higher average number of 
species recorded in 1m2 plots in the adjacent grazing area than in the nature 
reserve. The Student’s t-test revealed that there were no significant differences in 
species richness between the 1m2 plots in the nature reserve and those on the 
adjacent areas at all the three sites of the Abe Bailey study location. 
 
At Roodeplaat Dam study location, there were more species recorded in the nature 
reserve at RNR2 and RNR3 compared to the adjacent area. RNR1 had fewer 
species within the nature reserve than in the adjacent land. Only RNR1 had 
significantly different number of species recorded, while those at RNR2 and RNR3 
were not significantly different. 
 
At Suikerbosrand study location, SNR1 had fewer species recorded in the nature 
reserve, SNR2 had similar number of species recorded in the nature reserve and 
the adjacent farm, whilst there were more species recorded in the nature reserve 
than in the adjacent grazing area at SNR3. However, these numbers of recorded 
species were not significantly different at all three sites of the Suikerbosrand study 
location. 
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Figure 5.6: Species richness in 1 m2 plots at (A) nature reserves and (B) adjacent 
grazing lands 
 
 
Species richness at 1000m2 scale 
In the 1000m2 plots, species richness (S) was similar at two paired sites at Abe 
Bailey study location i.e. ANR1 and ANR2 (Figure 5.7). ANR3 had lower S in the 
nature reserve than in the adjacent grazing area. At Roodeplaat Dam study location, 
S was similar at RNR2 but lower within the reserve than in adjacent area at RNR1. 
At RNR3, S was higher in the nature reserve compared to the adjacent area. At 
Suikerbosrand study location, SNR2 had similar S within the reserve and in the 
adjacent grazing area. SNR1 and SNR3 had higher S in the grazing area than in 
the nature reserve. 
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Figure 5.7: Species richness in 1000 m2 plots at (A) nature reserves and (B) 
adjacent grazing lands 
 
 
Species richness at multiple spatial scales 
Species richness comparisons between sample plot sizes are shown in Figure 5.8. 
The cumulative total number of species recorded showed a clear difference 
between the 1m2 quadrats and the 10m2 quadrants, and the cumulative number of 
species recorded in the 100m2 were higher and were increasing as compared to the 
10m2 plots. The species recorded in the 1000m2 were almost double to all the 
species recorded in the 100m2 plots and almost ten times those recorded in the 1m2 
plots. This pattern was observable across all study sites and locations. 
 
According to Stohlgren (2007), the design of the Modified Whittaker Plot allows for 
species richness to be analysed at multiple spatial scales and this gives a clearer 
picture of plant diversity patterns within a landscape. For example, Figure 5.8 shows 
that species richness in 1m2 plots at ANR and RNR appear similar but SNR is 
slightly higher. However, at 10m2 and beyond, RNR has lower species richness. 
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Figure 5.8: Total cumulative number of species in all 1m2, 10m2, 100m2 and 1000m2 
quadrats and in each of the paired sites at the three study locations (ANR, RNR and 
SNR) 
 
 
Species richness comparisons between study locations 
The overall species richness for the three study locations was determined at 1000m2 
plot scale for ANR, RNR and SNR (Table 5.3). Both ANR and SNR had higher S in 
the adjacent area as compared to the nature reserve side. RNR had similar S both 
inside and outside the nature reserve. The overall species richness for the three 
study locations was not significantly different between the nature reserves and the 
adjacent areas. These findings indicate that differences in species richness are only 
detectable at individual paired sites, and cannot be generalised for the three study 
locations. 
 
Table 5.3: Average species richness and standard deviations per study location at 
(A) nature reserves and (B) adjacent grazing lands 
 Abe Bailey Roodeplaat Suikerbosrand 
A B A B A B 
Average 39.33 42.3 31.0 31.3 36.0 40.3 
Standard Deviation 4.93 5.86 8.72 4.51 2.0 3.21 
P-value (one-tail) 0.320 0.478 0.102 
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Similar findings were reported by Venter et al. (1989) who found no significant 
difference in species richness between a game reserve and an adjacent livestock 
grazing area in Lowveld savanna of KwaZulu-Natal. However, our findings differ 
from those reported by Shackleton (2000) for a study explaining changes in 
biodiversity in relation to the environmental variables and land uses, in protected 
and unprotected (communal) lands. Shackleton (2000) conducted the study in 
Lowveld savanna in Bushbuckridge and found that the adjacent communal lands in 
general had more plant species as compared to the protected areas. On the global 
scale, Gray et al. (2015) reported that there are more species in protected areas 
than in unprotected areas.  
 
 
5.3.2 Shannon-Wiener diversity 
The Shannon-Wiener diversity (H’) values for 1m2 plots results are presented in 
Figures 5.9 to 5.11. The highest average H’ values were obtained for the adjacent 
grazing areas in all three paired sites at ANR (Table 5.4) and lower H’ values in the 
nature reserve. The H’ values were only significantly different between nature 
reserve and adjacent area at ANR3, while those at ANR1 and ANR2 were not 
significantly different. At RNR, highest average H’ values were obtained in two 
paired sites in the nature reserve (RNR2A and RNR3A) and one paired site had 
high H’ value in the adjacent grazing area (RNR1B). None of the H’ values were 
significantly different. SNR had high H’ values at two paired sites in the nature 
reserve (SNR2A and SNR3A) and the other one paired site had higher H’ value in 
the adjacent grazing area (SNR1B). High H’ values were reflected in plots with high 
species richness. None of the H’ values were significantly different between inside 
and outside of the nature reserves.  
 
The H’ values for the three study locations fall within the range that is commonly 
reported, which is usually between 1.5 and 3.5; the values rarely go beyond 4 and 
this only happens when sample plots have high numbers of species (Magurran, 
2004). When a single species dominates an area the Shannon-Wiener diversity 
index decreases regardless of the high overall species richness (Drescher, 1998). 
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The Shannon-Wiener diversity reaches maximum when all species in a sample area 
are represented by the equal number of individuals, which then means that there is 
an even distribution of abundances. 
 
Table 5.4: Average values of Species richness (S), Shannon-Wiener diversity index 
(H’) and Pielou’s evenness index (J’) 
ANR 
Site Avg S Avg H’ Avg J’ Site Avg S Avg H’ Avg J’ 
1A 6.60 1.65 0.85 1B 6.40 1.30 0.74 
2A 5.80 1.42 0.79 2B 5.80 1.48 0.85 
3A 5.70 1.24 0.73 3B 7.40 1.59 0.83 
RNR 
1A 4.20 1.17 0.84 1B 5.70 1.40 0.82 
2A 6.40 1.49 0.81 2B 5.80 1.36 0.77 
3A 7.10 1.63 0.86 3B 5.80 1.35 0.77 
SNR 
1A 6.10 1.36 0.78 1B 8.00 1.51 0.73 
2A 8.40 1.79 0.86 2B 8.60 1.70 0.81 
3A 8.10 1.77 0.85 3B 7.30 1.59 0.81 
 
 
 
  
  54 
 
 
Figure 5.9: H’ values obtained for all the ten 1m2 within six 1000m2, in the ANR 
study location 
 
 
 
Figure 5.10: H’ values obtained for all the ten 1m2 within six 1000m2, in the RNR 
study location 
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Figure 5.11: H’ values obtained for all the ten 1m2 within six 1000m2, in the SNR 
study location 
 
 
5.3.3 Species evenness 
Species evenness (J’) was relatively high for all study locations, and the range was 
between 0.3 and 0.94 (Figures 5.12 to 5.14). The highest average J’ values were 
obtained for the adjacent grazing areas in all three paired sites at ANR (Table 5.4) 
and lower evenness in the nature reserve. Only J’ values at ANR3 were significantly 
different between the reserve and adjacent area. At RNR the highest average J’ 
values were obtained at all sites in the nature reserve than in the adjacent grazing 
area. None of the J’ values were significantly different. Similarly, SNR had the 
highest average J’ values at all sites in the nature reserve than in the adjacent 
grazing area but none of the J’ values were significantly different. 
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Figure 5.12: J’ values obtained for all the ten 1m2 within six 1000m2, in the ANR 
study location 
 
 
 
Figure 5.13: J’ values obtained for all the ten 1m2 within six 1000m2, in the RNR 
study location 
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Figure 5.14: J’ values obtained for all the ten 1m2 within six 1000m2, in the SNR 
study location 
 
 
5.4 Impact of grazing on plant diversity 
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At the three study locations, species richness increased with the decreasing of 
grazing intensity from HG to MG and species richness decreased with the decrease 
of grazing intensity from MG to LG. The sites with HG had lower species as 
compared to the sites with MG, this result was similar throughout the sites except 
for one site at ANR, where HG had a higher number of species compared to the 
MG site. This may be due to a number of factors, including soil nutrient levels as 
reported by Critchley et al. (2002), Diekmann et al. (2014), and Janssens et al. 
(1998). 
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than LG sites. Similar findings have also been reported by Burns et al. (2009), who 
highlighted that herbivore grazing in protected areas is extremely important because 
regardless of the intensity of grazing, the absence or reduction in herbivore density 
can result in low species richness and diversity. 
 
The intensity of grazing can be determined by the stocking rates of grazers at a 
given area (Tainton, 1999). The changes in the grassland species composition are 
seen with the increase of species resistant to grazing as stocking rates increase, 
whilst species that are susceptible to grazing decrease. The animal type in the 
grazing system have different impacts on the grasslands (Hardy & Tainton, 1995), 
as some animals are bulk grazers (these include animals such as zebras; buffalos 
and rhinoceros) whilst others are selective grazers (these include animals such as 
wildebeest; antelope etc). In the three study locations, the animals in the nature 
reserves were a mix of bulk grazers, selective grazers, and mixed feeders (Table 
4.1), while the adjacent areas were mainly grazed by cattle. 
 
The intensity of grazing can also be determined by the palatability of species present 
in an area. Augustine and McNaughton (1998) define palatability as the level at 
which a plant is consumed by the animals, in comparison to the plant’s abundance. 
The palatability status of the grass species found in the three study locations is 
shown in Table 5.5. The nature reserve had in general a lower number of palatable 
grass species as compared to the adjacent grazing lands (Table 5.6). Although it 
can be expected that sites with many palatable species can undergo heavy 
utilisation by herbivores, the grazing intensities at the three study locations however 
cannot be attributed to plant palatability alone. 
 
Herbivores can alter plant species composition because when selective grazers 
feed specifically on palatable species, this can lead to the dominance of unpalatable 
species as the grazing intensity increases. On the other hand, intensive long-term 
grazing has also been shown to increase the dominance of palatable species 
(Augustine & McNaughton, 1998). 
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Table 5.5: Palatability of the grasses found throughout the three study areas, 
according to Van Oudtshoorn (2014) 
Name Palatability 
Aristida diffusa Poorly palatable 
Aristida canescens Poorly palatable 
Aristida congesta Poorly palatable 
Aristida stipatata Poorly palatable 
Arundinela naplansis Palatable 
Brachiaria serrata Reasonably palatable 
Cymbopogon caesius Poorly palatable 
Cymbopogon pospischilii Poorly palatable 
Cyonodon dictalyon Palatable 
Digitaria diagonalis Poorly palatable 
Digitaria eranthia Palatable 
Digitaria sanguinalis Palatable 
Digitaria tricholaenoides Palatable 
Diheteropogon amplectens Poorly palatable 
Elionurus muticus Poorly palatable 
Eragrostris superba Reasonably palatable 
Eragrostris capensis Reasonably palatable 
Eragrostris curvula Reasonably palatable 
Eragrostris gummiflua Poorly palatable 
Eragrostris inamoena Palatability status unknown 
Eragrostris lehmanniana Reasonably palatable 
Eragrostris micrantha Palatability status unknown 
Eragrostris planiculumis Reasonably palatable 
Eragrostris racemosa Reasonably palatable 
Eragrostris patentipilosa Poorly palatable 
Eustachys paspaloids Palatable 
Heteropogon contortus Reasonably palatable 
Hyparrhenia hirta Poorly palatable 
Hyparrhenia dichroa Poorly palatable 
Hyparrhenia tamba Poorly palatable 
Loudetia Flavida Poorly palatable 
Loudetia Simplex Poorly palatable 
Melinis nerviglumis Reasonably palatable 
Melinis repens Poorly palatable 
Panicum coloratum Palatable 
Paspalum scrobiculatum Poorly palatable 
Pogonarthia squarrosa Poorly palatable 
Schizachyrium sanguineum Poorly palatable 
Setaria incrassata Reasonably Palatable 
Setaria pumila Palatable 
  60 
 
Setaria sphacelata Palatable 
Sporobolus africanus Poorly palatable 
Themeda triandra Palatable 
Trachypogon spicatus Palatable 
Tragus racemosa Palatability status unknown 
Trichoneura grandiglumis Poorly palatable 
Triraphis andropogonoides Palatable 
Tristachya leucothrix Palatable-seasonally 
Urochloa oligotricha Palatable 
 
 
Table 5.6: Number of palatable grasses and grazing intensity. 
ANR 
1A 1B 2A 2B 3A 3B 
11-MG 8-HG 7-MG 13-HG 11-HG 19-MG 
RNR 
4-MG 3-LG 7-MG 7-LG 5-MG 6-LG 
SNR 
8-MG 7-MG 6-MG 9-MG 3-HG 6-MG 
Heavy grazing- HG; Moderate grazing – MG; Light grazing - LG 
 
 
5.5 Comparison of soil properties in nature reserves and adjacent lands 
The three study locations occur on acidic soils with average pH values ranging from 
5.48 for sites at Abe Bailey study location to 5.96 at Suikerbosrand study location 
(Table 5.7). The values are within the range that is favourable for plant growth, 
which is 5.5-6.5 (Taiz & Zaiger, 1991). SNR sites also had the highest average 
values for all the other seven tested attributes except for P i.e. Organic C, Total C, 
Total N, K, Ca, Mg, and Na. In fact, the highest organic C content was recorded for 
SNR3A, where the vegetation was most heavily grazed. This is a surprising result 
because several studies have reported lower soil Organic C content for overgrazed 
sites (Yates et al., 2000; Snyman & Du Preez, 2005). Heavy grazing removes plant 
cover thereby affecting the amount of litter and eventually Organic C content (Yates 
et al., 2000). However, Li et al. (2011) have reported similar results of high Organic 
C in areas of high grazing intensity. 
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Table 5.7: Soil chemical properties for study sites within nature reserves and 
adjacent areas, averaged per study location 
Properties Unit ANR RNR SNR 
Site A Site B Site A Site B Site A Site B 
pH(H2O)  5.48 5.54 5.83 5.88 5.96 5.82 
OrgC % 0.85 0.97 1.63 1.28 3.64 3.09 
TC % 0.88 1.00 1.70 1.35 3.75 3.23 
TN % 0.07 0.09 0.13 0.11 0.26 0.23 
K mg/kg 74 67 128 112 386 270 
Ca mg/kg 167 216 535 563 1344 1221 
Mg mg/kg 74 80 119 121 370 406 
Na mg/kg 8.9 9.5 13.1 13.9 14.1 14.8 
P  mg/kg 3.89 2.45 2.70 2.19 1.38 1.35 
 
 
Comparisons between sites in the nature reserves and those in adjacent areas 
show that there were no significant differences in P and Na at all sites of the three 
study locations, while Organic C, Total C, Total N, and Ca were the variables that 
differed significantly at many sites (Table 5.8). 
 
Table 5.8: Statistical analysis (t-test) for comparisons of soil chemical properties 
between the nature reserve (Site A) and its adjacent private land (Site B) 
Location ANR RNR SNR 
Soil property Site  
1 
Site  
2 
Site  
3 
Site  
1 
Site  
2 
Site  
3 
Site  
1 
Site  
2 
Site  
3 
pH(H2O) ns ns ns ns ns ns ns ns * 
Organic C 
(%) 
ns * ns * ns ** *** ns ** 
Total C (%) ns ns ns * ns * ** ns * 
Total N (%) ns * ns * ns * ** ns ** 
P (mg/kg) ns ns ns ns ns ns ns ns ns 
Ca (mg/kg) ns ** ns * ns ns * * ns 
Mg (mg/kg) ns ns ns ns ns ns * * ns 
K (mg/kg) ns ns ns ns ns * * * ns 
Na (mg/kg) ns ns ns ns ns ns ns ns ns 
ns: not significant; * p < 0.05, ** p < 0.01, *** p < 0.001 
  62 
 
5.6 Relationships between soil properties and plant diversity 
Species richness has significant (p<0.5) positive linear relationships with Organic 
C, Total C, Total N, K, Ca, and Mg at adjacent sites (Table 5.9; Figure 5.15). This 
differs with the results of Roem and Berendse (2000), who reported negative 
correlations of species richness and diversity with Organic C and Total N. Janssens 
et al. (1998) reported positive species richness and Total N association in their 
study, where the optimum levels of Total N were about 0.5% dry soil. This means 
that species richness increased at low Total N levels but as Total N content in soil 
increases, species richness begins to decrease. The Total N content of the soils of 
the three study locations, as indicated on Table 5.9, is lower than the optimum level 
suggested by Janssens et al. (1998) and similar results have been reported by 
Dingaan et al. (2017) for semi-arid grasslands of the Free State Province. Positive 
linear relationships for pH and Ca have been reported in other grasslands, for 
example by Roem and Berendse (2000). 
 
Table 5.9: Correlation coefficient (r) for the relationship between diversity indices 
and soil variables 
 
Soil property 
Species richness 
(S) 
Shannon Weiner 
diversity index (H’) 
Species evenness 
(J’) 
A B A B A B 
pH ns ns ns ns ns -0.424* 
OrgC 0.334# 0.386* 0.374# ns ns ns 
TC 0.333# 0.384* 0.370# ns ns ns 
TN 0.336# 0.397* 0.384* ns ns ns 
K ns 0.452* ns ns ns ns 
Ca ns 0.443* ns ns ns ns 
Mg 0.346# 0.603*** 0.391* 0.428* ns ns 
Na ns ns ns ns 0.494** ns 
P-Brayl ns ns ns ns ns ns 
# p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001 
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Figure 5.15: Relationship between species richness and soil variables for A and B 
sites across all study locations (  RNR   SNR   ANR ) 
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CHAPTER 6: CONCLUSION 
 
The main purpose of the study was to compare plant diversity, species composition 
and determine relationships between plant diversity and soil characteristics under 
different land use and management in protected areas and adjacent unprotected 
areas. Differences were observed during the study but these differences were not 
consistent throughout all three chosen study locations and this may be due to a 
number of reasons such as soil chemical properties and grazing. The areas with a 
vegetation that showed signs of disturbance had slightly more species as compared 
to the non-disturbed areas. In particular, a difference was seen between areas with 
heavy, moderate and light grazing. The moderately grazed areas showed a slightly 
higher S as compared to the heavily grazed, and this was applicable in both the 
nature reserve and the adjacent grazing areas. The adjacent areas had a more 
disturbed vegetation structure at the ANR and SNR and two of these sites had more 
species richness and diversity in the adjacent areas. At the RNR the adjacent areas 
had dense vegetation with very light to no grazing and these had less species 
richness and diversity as compared to the sites at the nature reserve, though the 
difference was not significant. 
 
The level of nutrients in the soil has been shown to have a role in species richness, 
according to studies conducted by, among others, Critchley et al. (2002) and 
Janssens et al. (1998). The soil chemical properties in the three study locations had 
a very significant role in species richness, particularly total nitrogen and carbon. The 
content of the soil organic carbon also had a significant role in species richness and 
diversity. SNR had higher organic C, total C, and total N as compared to ANR and 
RNR and as such the highest diversity indices and species richness were recorded 
at that study location. However, ANR had the lowest organic C, total C and total N 
as compared to SNR and RNR, but had equally high diversity indices and species 
richness compared to RNR. Most importantly, species richness across all study 
locations showed positive correlations with Organic C, total N, and Mg. These 
results clearly indicate that soil chemical properties have an important role in 
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species richness, species diversity and species composition, however other factors 
such as disturbance (grazing and human disturbance) are also important. 
 
Protected areas are regarded as important in the long-term conservation of 
biodiversity. Such areas are said to be biodiversity hotspots and presumably have 
higher biodiversity than the unprotected areas. There have been studies measuring 
the effectiveness of protected areas in conserving biodiversity, however some 
studies have found that protected areas somehow lost the species along the way 
(Nicholls et al., 1996; Newmark, 1996). Protected areas have also been found to 
reduce human disturbances and prevent habitat loss (Gray et al., 2015). 
 
There are studies that have found more diversity in the protected compared to the 
unprotected areas. Cazalis et al., 2018 found no significant difference in bird 
species richness between the protected and unprotected areas, Zisadza-Gandiwa 
et al. (2013) also found no significant difference in grass species between the 
protected and the unprotected areas. Similarly, Coetzee et al. (2014) found no 
significant difference in plant species between the protected and unprotected areas. 
All the above mentioned studies had a similar result with to our results, we found no 
significance difference in plant diversity between the protected and unprotected 
areas. 
 
There are also some studies which had higher species richness in the unprotected 
areas with significant difference. Zisadza-Gandiwa et al. (2013) found more tree 
species in the unprotected areas as compared to the protected areas, Shackleton 
(2000) found significantly higher plant diversity in unprotected areas than in 
protected areas. Protected areas seem to have higher diversity regarding the 
animals more than plant diversity and protected areas can at least guarantee no 
habitat loss as compared to the unprotected areas. 
 
In conclusion, there is a need for more research on South African grasslands to 
better understand the different aspects that impact on species richness, diversity 
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and composition. Grasslands are facing a global decline and such studies will help 
in their protection and hopefully lessen the rate that grasslands are decreasing. 
South African nature reserves need to also pay more attention to the protection and 
conservation of plants species, without giving more focus on the animals. 
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